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Weight Loss, Exercise, or Both and Physical
Function in Obese Older Adults
Dennis T. Villareal, M.D., Suresh Chode, M.D., Nehu Parimi, M.D.,
David R. Sinacore, P.T., Ph.D., Tiffany Hilton, P.T., Ph.D.,
Reina Armamento-Villareal, M.D., Nicola Napoli, M.D., Ph.D.,
Clifford Qualls, Ph.D., and Krupa Shah, M.D., M.P.H.
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Obesity exacerbates the age-related decline in physical function and causes frailty in
older adults; however, the appropriate treatment for obese older adults is controversial.
Methods

In this 1-year, randomized, controlled trial, we evaluated the independent and combined effects of weight loss and exercise in 107 adults who were 65 years of age or
older and obese. Participants were randomly assigned to a control group, a weightmanagement (diet) group, an exercise group, or a weight-management-plus-exercise
(diet–exercise) group. The primary outcome was the change in score on the modified
Physical Performance Test. Secondary outcomes included other measures of frailty,
body composition, bone mineral density, specific physical functions, and quality of life.
Results

A total of 93 participants (87%) completed the study. In the intention-to-treat
analysis, the score on the Physical Performance Test, in which higher scores indicate better physical status, increased more in the diet–exercise group than in the
diet group or the exercise group (increases from baseline of 21% vs. 12% and 15%,
respectively); the scores in all three of those groups increased more than the scores
in the control group (in which the score increased by 1%) (P<0.001 for the betweengroup differences). Moreover, the peak oxygen consumption improved more in the
diet–exercise group than in the diet group or the exercise group (increases of 17% vs.
10% and 8%, respectively; P<0.001); the score on the Functional Status Questionnaire, in which higher scores indicate better physical function, increased more in
the diet–exercise group than in the diet group (increase of 10% vs. 4%, P<0.001).
Body weight decreased by 10% in the diet group and by 9% in the diet–exercise
group, but did not decrease in the exercise group or the control group (P<0.001).
Lean body mass and bone mineral density at the hip decreased less in the diet–exercise group than in the diet group (reductions of 3% and 1%, respectively, in the diet–
exercise group vs. reductions of 5% and 3%, respectively, in the diet group; P<0.05 for
both comparisons). Strength, balance, and gait improved consistently in the diet–
exercise group (P<0.05 for all comparisons). Adverse events included a small number
of exercise-associated musculoskeletal injuries.
Conclusions

These findings suggest that a combination of weight loss and exercise provides greater improvement in physical function than either intervention alone. (Funded by the
National Institutes of Health; ClinicalTrials.gov number, NCT00146107.)
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O

besity in older adults is becoming
a serious public health problem in the
United States.1-4 The number of obese older adults is increasing markedly.5,6 Currently, approximately 20% of adults 65 years of age or older
are obese, and the prevalence will continue to rise
as more baby boomers become senior citizens.3,7
In older adults, obesity exacerbates the age-related
decline in physical function, which causes frailty,
impairs quality of life, and results in increases in
nursing home admissions.8-12 Given the increasing
prevalence of obesity, the most common phenotype
of frailty in the future may be an obese, disabled,
older adult.4,13
Although obesity is an important cause of disability in older adults,14,15 there is little evidence
from clinical trials regarding the benefits and risks
of weight-loss interventions to guide the care of
this population.16,17 In fact, the clinical approach
to obesity in older adults is controversial, given the
reduction in relative health risks associated with
increasing body-mass index (BMI) in this group.2
It has been suggested that it may be difficult to
achieve successful weight loss in older adults because of lifelong diet and activity habits.18 Moreover, there is major concern that weight loss could
worsen frailty by accelerating the usual age-related loss of muscle that leads to sarcopenia.4 In a
preliminary, short-term study,19 we reported that a
combination of weight loss and exercise may ameliorate frailty in obese older adults. We now report
the results of a randomized, controlled trial that
was designed to determine the independent and
combined effects of sustained weight loss and
regular exercise on physical function, body composition, and quality of life in obese older adults. We
hypothesized that weight loss and exercise would
each improve physical function and that the combination of the two would result in the greatest
improvement in physical function and amelioration of physical frailty.

Me thods

NEJM.org. All the authors vouch for the data and
analyses, as well as the fidelity of the study to the
protocol. The first author wrote the first draft of
the manuscript; all the authors participated in writing subsequent drafts and made the decision to
submit the manuscript for publication.
Participants

Volunteers were recruited through advertisements,
and each participant provided written informed
consent. Potential participants underwent a comprehensive medical screening procedure. Volunteers were eligible for inclusion in the study if
they were 65 years of age or older and obese (BMI
[the weight in kilograms divided by the square of
the height in meters] of 30 or more), if they had a
sedentary lifestyle, if their body weight had been
stable during the previous year (i.e., had not fluctuated more than 2 kg), and if their medications
had been stable for 6 months before enrollment. All
participants had to have mild-to-moderate frailty,
on the basis of meeting at least two of the following operational criteria8,19,20: a score on the modified Physical Performance Test (in which the total
score ranges from 0 to 36, with higher scores indicating better physical status) of 18 to 32; a peak
oxygen consumption (VO2peak) of 11 to 18 ml per
kilogram of body weight per minute; or difficulty
in performing two instrumental activities of daily
living or one basic activity of daily living. Persons
who had severe cardiopulmonary disease; musculoskeletal or neuromuscular impairments that preclude exercise training; visual, hearing, or cognitive impairments; or a history of cancer, as well as
persons who were receiving drugs that affect bone
health and metabolism or who were current smokers, were excluded.
Study Outcomes

The primary outcome was the change from baseline
in the score on the modified Physical Performance
Test. Secondary outcomes included other measures
of frailty, body composition, bone mineral density,
specific physical functions, and quality of life.

Study Oversight

We conducted the study from April 2005 through
August 2009 at the Washington University School
of Medicine. The study was approved by the institutional review board and was monitored by an
independent data and safety monitoring board.
The protocol, including the statistical analysis
plan, is available with the full text of this article at

n engl j med 364;13

Baseline Assessments

Physical Function

Frailty was assessed with the use of the modified
Physical Performance Test, the measurement of
VO2peak, and the Functional Status Questionnaire.
The modified Physical Performance Test includes
seven standardized tasks (walking 50 ft, putting on
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and removing a coat, picking up a penny, standing
up from a chair, lifting a book, climbing one flight
of stairs, and performing a progressive Romberg
test) plus two additional tasks (climbing up and
down four flights of stairs and performing a
360-degree turn). The score for each task ranges
from 0 to 4; a perfect score is 36.20-23 A low score
on the Physical Performance Test is associated with
a high BMI,8,24 and the score increases in response
to weight-loss therapy.19 VO2peak was assessed during graded treadmill walking, as described previously.8 Information regarding the ability to perform
activities of daily living was obtained with the use
of the Functional Status Questionnaire (on which
scores range from 0 to 36, with higher scores indicating better functional status).25 We also assessed
specific physical functions such as strength, balance, and gait and determined one-repetition maximums (the maximal weight a person can lift at one
time). We assessed static balance by measuring the
time the participant could stand on a single leg8
and dynamic balance by measuring the time needed to complete an obstacle course.20 Fast gait speed
was determined by a measurement of the time
needed to walk 25 ft.
Body Composition and Bone Mineral Density

Fat mass, lean body mass, and bone mineral density of the whole body and at the lumbar spine and
total hip were measured with the use of dual-energy x-ray absorptiometry (Delphi 4500/w, Hologic),
as described previously.19,26 Thigh muscle and fat
volumes were measured with the use of magnetic
resonance imaging (MRI) (Siemens), as described
previously.27
Health-Related Quality of Life

The Medical Outcomes 36-Item Short-Form Health
Survey (SF-36) was used to evaluate quality of
life.28 The subscales we used were those for the
physical component summary and the mental component summary.29 Scores on these two subscales
range from 0 to 100, with higher scores indicating
better health status.
Follow-up Assessments

All baseline assessments were repeated at 6 months
and 12 months, with the exception of the MRI,
which was repeated only at 12 months. The personnel who conducted the assessments were not
aware of the group assignments.

1220
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Intervention

For this 52-week study, participants were randomly assigned, with stratification according to sex,
to one of four groups: a control group, a group that
participated in a weight-management program
(diet group), a group that received exercise training
(exercise group), and a group that received both
weight-management instruction and exercise training (diet–exercise group).
Participants assigned to the control group did
not receive advice to change their diet or activity
habits and were prohibited from participating in
any weight-loss or exercise program. They were
provided general information about a healthy diet
during monthly visits with the staff.
Participants assigned to the diet group were
prescribed a balanced diet that provided an energy
deficit of 500 to 750 kcal per day from their daily
energy requirement.2 The diet contained approximately 1 g of high-quality protein per kilogram of
body weight per day.2 Participants met weekly as
a group with a dietitian for adjustments of their
caloric intake and for behavioral therapy. They
were instructed to set weekly behavioral goals and
attend weekly weigh-in sessions. Food diaries were
reviewed, and new goals were set on the basis of
diary reports. The goal was to achieve a weight loss
of approximately 10% of their baseline body weight
at 6 months and to maintain that weight loss for
an additional 6 months.
Participants in the exercise group were given
information regarding a diet that would maintain
their current weight and participated in three
group exercise-training sessions per week. Each
session was approximately 90 minutes in duration
and consisted of aerobic exercises, resistance training, and exercises to improve flexibility and balance. The exercise sessions were led by a physical
therapist. The aerobic exercises included walking
on a treadmill, stationary cycling, and stair climbing. The participants exercised so that their heart
rate was approximately 65% of their peak heart
rate and gradually increased the intensity of exercise so that their heart rate was between 70 and
85% of their peak heart rate. The progressive resistance training included nine upper-extremity
and lower-extremity exercises with the use of
weight-lifting machines. Participants performed
1 or 2 sets at a resistance of approximately 65% of
their one-repetition maximum, with 8 to 12 repetitions of each exercise; they gradually increased
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the intensity to 2 to 3 sets at a resistance of approximately 80% of their one-repetition maximum, with 6 to 8 repetitions of each exercise.
Participants in the diet–exercise group participated in both the weight-management and exercise
programs described above. All participants were
given supplements to ensure an intake of approximately 1500 mg of calcium per day and approximately 1000 IU of vitamin D per day.2

dom, and verification by analyses of data with the
last value carried forward. (There was no significant evidence of an interaction effect, and the data
were consistent with the assumption that missing
data were missing completely at random.) Data are
presented as mean percentage change ±SD, unless otherwise specified. P values of less than 0.05
were considered to indicate statistical significance.

R e sult s

Statistical Analysis

We estimated that with 26 to 28 participants in
each group, the study would have more than 80%
power to detect a clinically important difference
among the groups in the change in the score on
the Physical Performance Test, assuming a mean
between-group difference in the score of 1.7 points,
with a pooled standard deviation of 2.1 (on the
basis of preliminary data), at an alpha level of 5%.
Intention-to-treat analyses were performed
with the use of SAS software, version 9.2. Baseline
characteristics were compared with the use of
analysis of variance or Fisher’s exact test. Longitudinal changes between groups were tested with
the use of mixed-model repeated-measures analysis of variance, with adjustment for baseline values and sex. The primary focus of the analyses
was the 12-month change in outcome in the four
groups. When the overall P value for the interaction between group and time was less than 0.05,
prespecified contrast statements were used to test
three hypotheses: first, that changes in the diet
group were different from those in the control
group; second, that changes in the exercise group
were different from those in the control group; and
third, that changes in the diet–exercise group were
different from those in the diet group and from
those in the exercise group. For the scores on the
Physical Performance Test, Bonferroni’s correction was used to adjust for these four comparisons, which were prespecified. Changes within a
group were analyzed with the use of repeatedmeasures analysis of variance. Supplementary
analyses that validated the statistical approach
taken included a comparison of changes in the
diet–exercise group with those in the control
group, a three-way analysis of variance (with factors for diet, exercise, and time) to determine any
synergistic effects, logistic regression to determine
whether data were consistent with an assumption
that missing data were missing completely at ran-

n engl j med 364;13

Study Population

A total of 107 volunteers underwent randomization; 93 (87%) completed the study (Fig. 1). Fourteen participants discontinued the intervention and
were included in the intention-to-treat analyses
(13 provided follow-up data at 6 months and 1 at
approximately 12 months). There were no significant between-group differences in baseline characteristics (Table 1).
The median attendance at diet-therapy sessions
was 83% (interquartile range, 79 to 89) among
participants in the diet group and 82% (interquartile range, 76 to 89) among those in the diet–
exercise group. The median attendance at exercise
sessions was 88% (interquartile range, 85 to 92)
among participants in the exercise group and 83%
(interquartile range, 80 to 88) among those in the
diet–exercise group.
Adverse Events

One participant fell during testing of physical
function, and the fall resulted in an ankle fracture. A summary of adverse events is provided in
Table 1 in the Supplementary Appendix, available
at NEJM.org.
Physical Performance Test and Other
Measures of Frailty

The mean (±SD) scores on the Physical Performance Test (the primary outcome) increased more
in the diet–exercise group than in the diet group or
the exercise group: an increase of 5.4±2.4 points in
the diet–exercise group (a 21% change from baseline), as compared with increases of 3.4±2.4 points
in the diet group (a 12% change) and 4.0±2.5 points
in the exercise group (a 15% change) (Table 2 and
Fig. 2). In addition, the VO2peak improved more in
the diet–exercise group than in the diet group or
the exercise group: an increase of 3.1±2.4 ml per
kilogram per minute in the diet–exercise group (a
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234 Obese older adults were assessed for eligibility

127 Were excluded
92 Did not meet inclusion criteria
35 Declined to participate

107 Underwent randomization

27 Were assigned
to control

26 Were assigned
to diet

4 Discontinued
intervention
3 Lacked interest
1 Had medical
reasons

27 Were included
in analyses

26 Were assigned
to exercise

4 Discontinued
intervention
1 Wanted to lose
weight
1 Had job reasons
1 Had family
reasons
1 Had medical
reasons

3 Discontinued
intervention
3 Had difficulty
complying with
intervention

26 Were included
in analyses

28 Were assigned to
diet and exercise

26 Were included
in analyses

3 Discontinued
intervention
1 Had job reasons
2 Had medical
reasons

28 Were included
in analyses

Figure 1. Screening, Randomization, and Follow-up.

17% change from baseline), as compared with increases of 1.7±2.3 ml per kilogram per minute in
the diet group (a 10% change) and 1.4±1.0 ml per
kilogram per minute in the exercise group (an 8%
change). The scores on the Functional Status Questionnaire increased more in the diet–exercise group
than in the diet group (an increase of 2.7±2.6 points
[a 10% change from baseline] vs. 1.3±1.5 points [a
4% change]).

crease of 1.8±1.7 kg, representing a 3% change
from baseline, vs. a decrease of 3.2±2.0 kg, representing a 5% change). The lean body mass increased by 1.3±1.6 kg in the exercise group (a 2%
increase from baseline). Fat mass decreased by
6.3±2.8 kg in the diet–exercise group (a 16% change
from baseline), by 7.1±3.9 kg in the diet group (a
17% change), and by 1.8±1.9 kg in the exercise
group (a 5% change). Similar changes were observed with respect to thigh muscle and fat.

Body Weight and Composition

There was a substantial decrease in body weight in
the diet group (a weight loss of 9.7±5.4 kg, representing a 10% decrease from baseline) and in the
diet–exercise group (a weight loss of 8.6±3.8 kg,
representing a 9% decrease), but not in the exercise group (a weight loss of 1.8±2.7 kg, representing a 1% decrease) or the control group (a weight
loss of 0.9±1.5 kg, representing <1% decrease) (Table 2). The time-course of weight loss is shown in
Figure 3. Lean body mass decreased less in the
diet–exercise group than in the diet group (a de1222
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Bone Mineral Density

Bone mineral density at the total hip decreased by
0.011±0.026 g per square centimeter (a decrease
of 1.1% from baseline) in the diet–exercise group,
as compared with 0.027±0.021 g per square centimeter (a decrease of 2.6%) in the diet group, whereas it increased, by 0.013±0.014 g per square centimeter (a 1.5% increase), in the exercise group (Table
2). There were no significant changes in bone
mineral density of the whole body or at the lumbar
spine (Table 2 in the Supplementary Appendix).
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Table 1. Baseline Characteristics of Participants.*
Characteristic
Age — yr

Control
(N = 27)

Diet
(N = 26)

Exercise
(N = 26)

Diet–Exercise
(N = 28)

P Value

69±4

70±4

70±4

70±4

0.85

9 (33)

9 (35)

10 (38)

12 (43)

0.89

18 (67)

17 (65)

16 (62)

16 (57)

Sex — no. (%)
Male
Female
Race — no. (%)†
White

22 (81)

23 (88)

21 (81)

25 (89)

Black

4 (15)

3 (12)

4 (15)

3 (11)

Other

1 (4)

0

1 (4)

0

0.78

Education — no. (%)
Less than college degree
College degree
Graduate school

9 (33)

7 (27)

7 (27)

9 (32)

13 (48)

15 (58)

10 (38)

9 (32)

5 (19)

4 (15)

9 (35)

10 (36)

0.85

Marital status — no. (%)
Single

1 (4)

3 (12)

2 (8)

2 (7)

Married

19 (70)

19 (73)

13 (50)

16 (57)

Divorced

2 (8)

2 (8)

6 (23)

5 (18)

Widowed
Weight — kg
Body-mass index‡

2 (8)

5 (19)

5 (18)

101.0±16.3

5 (19)

104.1±15.3

99.2±17.4

99.1±16.8

0.73

0.66

37.3±4.7

37.2±4.5

36.9±5.4

37.2±5.4

0.93

Chronic diseases — no.

2.2±1.2

2.2±1.4

2.0±1.3

2.2±1.3

0.93

Routine medications — no.

4.6 ±2.6

3.3±2.3

4.7±2.5

4.1±2.8

0.24

* Plus–minus values are means ±SD.
† Race was self-reported.
‡ The body-mass index is the weight in kilograms divided by the square of the height in meters.

Strength, Balance, Gait, and Quality of Life

The total one-repetition maximum (i.e., the sum
of the maximal weights lifted in the biceps curl,
bench press, seated row, knee extension, knee flexion, and leg press exercises) increased in the diet–
exercise group (an increase of 164±124 lb [75±56
kg], representing a 35% change from baseline) and
in the exercise group (an increase of 174±166 lb
[79±75 kg], representing a 34% change), whereas it
was maintained in the diet group (an increase of
1±85 lb [0.5±39 kg], representing a 3% change)
(Table 2). The time needed to complete the obstacle course was reduced by 1.7±2.2 seconds in
the diet–exercise group (a reduction of 12%), by
1.1±1.1 seconds in the diet group (a reduction of
10%), and by 1.5±1.4 seconds in the exercise group
(a reduction of 13%). The duration of time the participant could stand on a single leg increased by
similar amounts in those groups. Gait-speed in-

n engl j med 364;13

creased in the diet–exercise group (an increase of
16.9±42.3 seconds, representing a 23% change
from baseline) and in the exercise group (an increase of 8.2±15.5 seconds, representing a 14%
change).The physical-component summary score
of the SF-36 (which was used to measure quality of
life) increased by 8.6±9.3 points in the diet–exercise group (a 15% increase from baseline), by
8.4±10.1 points in the diet group (a 14% increase),
and by 5.7±8.0 points in the exercise group (a 10%
increase) (Table 2 in the Supplementary Appendix).

Discussion
Obesity in older adults is a public health problem
that challenges our health care professionals and
health care delivery systems.1-3,10-12 In this 1-year,
randomized, controlled trial involving obese older
adults, weight loss plus exercise improved physical

nejm.org

march 31, 2011

1223

The New England Journal of Medicine
Downloaded from nejm.org at WASHINGTON UNIV SCH MED MEDICAL LIB on July 29, 2014. For personal use only. No other uses without permission.
Copyright © 2011 Massachusetts Medical Society. All rights reserved.

1224
0.6±1.7
0.2±1.8

Change at 6 mo

Change at 1 yr

–0.9±1.5

Change at 6 mo

Change at 1 yr

n engl j med 364;13
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Change at 1 yr

–0.7±2.3
–0.8±2.5

Change at 6 mo

Change at 1 yr
43.8±9.9
–0.3±3.4
1.2±5.1

Baseline

Change at 6 mo

Change at 1 yr

Fat mass (kg)

57.3±11.5

Baseline

Lean body mass (kg)

0.9±2.8
–0.1±3.5

Change at 6 mo

–7.1±3.9‡

–6.0±3.8‡

42.8±6.6

–3.2±2.0‡

–3.5±2.7‡

61.4±13.0

–9.7±5.4‡

–9.0±5.4‡

–1.8±1.9

–1.2±2.0

41.6±9.4

1.3±1.6¶

1.1±2.1¶

57.6±13.7

–0.5±3.6

–0.3±2.3

99.2±17.4

–6.3±2.8‡

–5.6±3.2‡

41.9±11.5

–1.8±1.7‡

–1.7±1.6‡

57.2±10.3

–8.6±3.8‡

–7.7±4.2‡

99.1±16.8

2.7±2.6‡

2.4±2.3‡

30.0±3.5

3.1±2.4‡

2.8±2.3‡

17.3±3.5

5.4±2.4‡

4.7±2.4‡

28.0±2.9

Diet–Exercise
(N = 28)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Interaction
between Group
and Time

<0.001

<0.001

<0.001

0.05

<0.001

<0.001

Diet
vs. Control

0.004

<0.001

0.71

0.005

<0.001

<0.001

Exercise
vs. Control

P Value†

0.57

0.04

0.67

0.04

0.01

<0.001

<0.001

<0.001

<0.001

0.19

0.002

0.04

Diet–Exercise Diet–Exercise
vs. Diet
vs. Exercise

of

Baseline

1.8±2.7§

1.9±2.9‡

29.8±3.3

1.4±1.0‡

1.3±1.0‡

17.4±3.5

4.0±2.5‡

3.4±2.4‡

27.1±3.1

Exercise
(N = 26)

n e w e ng l a n d j o u r na l

Weight (kg)
104.1±15.3

–0.2±2.4

Body weight and composition
101.0±16.3

1.3±1.5‡

–0.1±3.1

Change at 1 yr

0.9±1.5‡

30.5±3.2

Change at 6 mo

31.6±2.0

1.7±2.3‡

1.4±1.7‡

17.6±2.2

3.1±1.4‡

2.3±1.8‡

28.6±1.9

Diet
(N = 26)

Baseline

FSQ score

16.3±3.8
–0.7±2.3

Baseline

VO2peak (ml/kg/min)

Other frailty measures

Secondary outcomes

26.8±4.5

Control
(N = 27)

Baseline

PPT score†

Primary outcome

Outcome Variable

Table 2. Effect of Diet, Exercise, or Both on Primary and Secondary Outcome Variables in Obese Older Adults.*
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–255±179‡

–0.5±158

–0.007±0.019¶ –0.027±0.021¶

Change at 1 yr
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–16±78
–6±101

Change at 6 mo

Change at 1 yr

nejm.org
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–3.0±10.5
1.1±11.0

Change at 6 mo

Change at 1 yr

1.7±5.4
4.7±5.2

1.014±0.151

–247±217‡

1472±718

–28±63¶

1261±253

8.2±15.5§

7.6±14.8§

76.0±18.3

3.4±5.9¶

1.4±7.7

13.4±10.4

–1.5±1.4‡

–1.6 ±1.6‡

10.9±3.3

174±166‡

110±138§

519±187

16.9±42.3§

5.5±7.6§

72.9±14.9

7.9±7.8‡

6.3±7.6‡

10.5±9.5

–1.7±2.2‡

–1.1±2.2

10.7±3.3

164±124‡

96±108§

539±218

0.013±0.014‡ –0.011±0.026¶

0.008±0.012‡ –0.010±0.024¶

0.958±0.151

–76±97§

1423±541

30±34‡

1188±234

0.02

<0.001

0.002

<0.001

<0.001

<0.001

<0.001

0.45

0.001

0.03

0.90

0.001

<0.001

<0.001

0.003

0.02

0.004

<0.001

0.001

0.19

0.045

0.04

0.18

0.18

<0.001

0.005

0.44

<0.001

0.39

0.04

0.68

0.32

<0.001

0.02

<0.001

* Plus–minus values are means ±SD. Scores on the modified Physical Performance Test (PPT, the primary outcome) range from 0 to 36, with higher scores indicating better physical
function. Peak oxygen consumption (VO2peak) was assessed during graded treadmill walking. Scores on the Functional Status Questionnaire (FSQ) range from 0 to 36, with higher
scores indicating better functional status.
† P values for the comparison among the groups of changes from baseline to 1 year were calculated with the use of mixed-model repeated-measures analysis of variance (with baseline
values and sex as covariates) and are reported when the overall P value was less than 0.05 for the interaction among the four groups over time. Bonferroni correction was used to adjust for the prespecified comparisons in the PPT score; these P values have been multiplied by 4 for the comparison to alpha value of 0.05. Secondary analyses included a comparison
between diet–exercise and control; all P values were less than 0.05.
‡ P<0.001 for the comparison of the value at the follow-up time with the baseline value within the group, as calculated with the use of mixed-model repeated-measures analysis of variance.
§ P<0.01 for the comparison of the value at the follow-up time with the baseline value within the group, as calculated with the use of mixed-model repeated-measures analysis of variance.
¶ P<0.05 for the comparison of the value at the follow-up time with the baseline value within the group, as calculated with the use of mixed-model repeated-measures analysis of variance.
‖ One-repetition maximum (1RM) is the maximal weight lifted at one time; the totals listed here are the sum of the maximal weights lifted in the biceps curl, bench press, seated row,
knee extension, knee flexion, and leg press exercises. To convert the values to kilograms, divide by 2.2.

75.5±17.6

Baseline

Gait speed (m/min)
87.5±15.8

4.7±5.0‡

–2.3±9.4

Change at 6 mo

Change at 1 yr

0.8±6.1

10.7±10.6
–2.4±8.2

Baseline

11.7±8.7

–1.1±1.1

0.0±1.0

One-leg stance (sec)

Change at 1 yr

–0.7±1.3

11.6±3.3
–0.1±1.2

Change at 6 mo

11.0±2.2

1±85

8±60

607±213

Baseline

Obstacle course (sec)

505±143

Baseline

Total 1RM (lb)‖

Strength, balance, and gait

–0.015±0.017¶

0.962±0.132
–0.003±0.016

Change at 6 mo

1.021±0.139

1553±529

–81±63‡

1271±280

1813±773

–7±54

1138±290

Baseline

Bone mineral density at total hip (g/cm2)

Change at 1 yr

Baseline

Thigh fat (cm

3)

Change at 1 yr

Baseline

Thigh muscle (cm3)
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Change in PPT Scores (%)
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5
0
−5

Control
0

6

12

B
Change in VO2peak (%)
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Change in FSQ Scores (%)
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5
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0

−5

Control

0

6

12
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function and ameliorated frailty more than either
weight loss or exercise alone, although each of
those was beneficial.
Currently, evidence-based data to guide the
treatment of obese older adults are limited.16,17
The few clinical trials that have been conducted
typically addressed cardiovascular risk factors rather than physical function.16 However, frailty is an
important problem in the elderly because it leads
to loss of independence and increased morbidity
and mortality.30,31 Physical frailty is common in
obese older adults,8,9 and obesity is associated with
1226
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Figure 2. Mean Percentage Changes in Objective
and Subjective Measures of Frailty during the 1-Year
Intervention.
The objective measures of frailty included the scores
on the Physical Performance Test (PPT), which range
from 0 to 36, with higher scores indicating better physical status (Panel A), and the peak oxygen consumption (VO2peak) (Panel B). The scores on the Functional
Status Questionnaire (FSQ), which range from 0 to 36,
with higher scores indicating better functional status,
were used as a subjective measure of frailty (Panel C).
The change in the scores on the PPT was the primary
outcome. In Panels A and B, the change in the diet–
exercise group differed significantly from the changes
in the exercise group and in the diet group, and the
changes in the exercise group and in the diet group differed significantly from that in the control group. In
Panel C, the change in the diet–exercise group differed
significantly from that in the diet group, and the changes
in the exercise group and in the diet group differed significantly from that in the control group. I bars indicate
standard errors.

A
20

of

increased admissions to nursing homes.10-12 Four
previous randomized, controlled trials examined
the effect of weight loss on physical function in
obese older adults,14 but these studies were either
short-term19,32,33 or limited to participants with
specific health conditions.34 The current study suggests that weight loss alone or exercise alone can
reverse frailty but that the combination of weight
loss and exercise is more effective than either individual intervention. Therefore, weight loss and exercise may be an important therapy for frail, obese
older adults. Moreover, one study has shown that
weight loss and exercise reduce knee pain and
improve physical function in overweight and obese
older adults with osteoarthritis of the knee.34 Our
data suggest that a major objective of weight-loss
therapy in older adults may be to improve physical function, and we speculate that doing so may
be at least as important as treating obesity-associated medical complications, which is often the
main goal in treating obese younger adults.35
Physical frailty in obese older adults is associated with low muscle mass relative to body weight
(relative sarcopenia) despite a greater absolute
amount of muscle mass.4,8 In the current study,
relative sarcopenia was reduced in all the intervention groups — owing to the larger reduction in fat
mass relative to lean body mass in the diet and
diet–exercise groups and owing to the decrease in
fat mass and increase in lean body mass in the
exercise group. These positive changes in body
composition could underlie the improvement in
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2
0

Weight Change (%)

physical function in the participants.4,8 However,
because the greatest improvement occurred in the
diet–exercise group, adding an exercise program to
a diet regimen, which results in the preservation of
lean body mass in addition to the reduction in fat
mass induced by a diet, may be the best approach.
Accordingly, the diet–exercise group had not only
the greatest increase in scores on the Physical Performance Test but also the most consistent improvements in strength, balance, and gait.
The improvements that were seen in the objective measures of frailty among the participants
in this trial have important implications for the
ability of older adults to maintain their independence. The functional items in the Physical Performance Test simulate activities of daily living,
and the Physical Performance Test has been used
to monitor physical performance and predict disability, loss of independence, and death.20,36,37
Moreover, the VO2peak relative to body weight is the
standard measure for assessing cardiovascular
fitness,38 and the VO2peak is important for assessing the ability to perform activities that require
movement of increased body weight.8,39 The improvements in scores on the Physical Performance
Test and in VO2peak among the participants in
this study were accompanied by improvements in
scores on the Functional Status Questionnaire
and in the physical-component summary score of
the SF-36 (measuring quality of life), both of which
indicate subjective improvements in the ability of
the participants to function.
A potential adverse effect of our interventions
was the reduction in lean body mass and bone
mineral density at the hip in the diet groups. However, the addition of exercise to diet attenuated the
losses of lean tissue and further augmented physical function. Although the clinical importance of
the modest loss of bone mineral density is unclear,
strategies to prevent this loss in participants involved in future studies might include prescribing
higher doses of calcium and vitamin D than those
used in this study, having participants perform
endurance exercise alone or resistance exercise
alone (rather than both endurance and resistance
exercises), and perhaps antiresorptive therapy. Exercise was also associated with musculoskeletal
injuries; careful screening and safeguards before
and during exercise are needed to decrease the
risk of these adverse events. An additional health
concern is raised by findings from observational
studies that suggest that weight loss may be associated with an increased risk of death.2 However,

−2
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−12
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32

36
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Weeks of Intervention

Figure 3. Mean Percentage Changes in Body Weight during the 1-Year
Intervention.
I bars indicate standard errors.

these studies did not rigorously distinguish intentional from nonintentional weight loss. Follow-up
data from a randomized, controlled trial involving
overweight and obese older adults suggest that intentional weight loss may reduce the risk of death.40
The strengths of our study include the randomized, controlled design, the long duration of
the intervention, the comprehensive diet and exercise programs, the high rate of adherence to the
interventions, and the use of objective and subjective measures of physical function. A limitation of
our study is that it was not powered to determine
potential differences in the outcomes between
sexes. Because we selected volunteers who were
able to participate in a lifestyle program, the results may not necessarily apply to the general
obese, older adult population. Nonetheless, they
provide evidence that successful weight loss is
achievable in this population. Further studies are
needed to determine whether weight loss can be
maintained beyond 1 year and prevent institutionalization of obese older adults. Our sample size
was small, and most of the participants were
women, white, well educated, and older (70±4
years of age) with mild-to-moderate frailty (and
sarcopenic obesity4), thus limiting broader inferences of our results. Our study did not address
the usefulness or safety of these interventions for
markedly obese older persons with severe frailty.
In conclusion, our findings suggest that weight
loss alone or exercise alone improves physical
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function and ameliorates frailty in obese older
adults; however, a combination of weight loss and
regular exercise may provide greater improvement
in physical function and amelioration of frailty
than either intervention alone. Therefore, weight
loss combined with regular exercise may be beneficial in helping obese older adults maintain their
functional independence.

The content of this article is solely the responsibility of the authors and does not necessarily represent the official views of the
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